The decays K → πl + l − , K → πγγ and K → πνν are investigated using the higher order terms of the chiral perturbation theory. The counterterms induced by strong, weak and electromagnetic interactions are determined assuming the resonance exchange.
The chiral perturbation theory (CHPT) offers an useful framework to describe K decays 1−15) .
The role of resonances in CHPT has been much better understood during the last few years 5−12) . We discuss the rare decays K → πl + l − , K L → π 0 γγ and K → πνν. The first two decays obtain contributions of higher order terms in momentum of CHPT 1−4) . The K → πνν decays are suppressed due to the GIM mechanism and the dominant contribution comes from the short distance dynamics. We analyse their long distance contributions. The K + → π + νν decay amplitude obtains the leading contribution of O(p 4 ), while the K L,S → π 0 νν amplitude obtains the contribution of O(p 2 ) chiral Lagrangians.
At the lowest order in momentum O(p 2 ) the strong chiral Lagrangian is
where U = −i √ 2 f φ, f ≃ f π = 0.093 GeV is the pion decay constant and φ is a pseudoscalar meson matrix 1) . The covariant derivative is given by D µ U = ∂ µ U + iUl µ − ir µ U, l µ and r µ are external gauge field sources. The explicit chiral symmetry breaking induced by the electroweak currents of the standard model corresponds to the following choice: 
Here Q's are the electroweak matrices [1] [2] [3] [4] 12) . The matrix χ takes into account the explicit breaking due to the quark masses in the underlying QCD Lagrangian 
with 
where p and p ′ are pion's and kaon's momenta. The loop contributions Φ K and Φ π are determined in ref. 1−3) . The couplings
and
Using the equations of motion for resonances, the authors of ref. 
where M V and M A are the octet masses of vector and axial-vector mesons. The octet couplings |F V | = 0.154 GeV |G V | = 0.069 GeV are determined from the decay rates ρ → l + l − and ρ → 2π respectively, while F A = 0.128 GeV was determined in ref. 6) . We use L obtained by 19) . We support the idea 5) that the existence of direct CP violating term in the branching ratio BR(K L → π 0 e + e − ) cannot be seen without observing BR(K S → π 0 e + e − ).
K → πγγ
There are two measurements of the branching ratio:
(NA31 result) 20) and BR(K L → π 0 γγ) = (1.86 ± 0.60 ± 0.60) × 10 −6 (E731) 21) . 
The F µν is the electromagnetic field strength tensor and the couplings C R 1,2 are saturated by resonance exchange. We use the decay amplitudes for V → P γ:
Using the nonet assumption for vector mesons, the ideal mixing, and the data for V → P γ, we calculate |G V P γ | = 7.7 × 10 −2 . Eliminating vector mesons one easily derives
We have shown 9, 11) that the contribution of scalar and tensor mesons is one order of magnitude smaller than this one. The amplitude for K → πγγ can be decomposed into
where A and B are functions of the Dalitz variables y = (k·(
4) the weak deformation approach was discussed for the calculation of the vector meson resonances. Using the factorization approach we derive
The function
, is obtained by taking into account the mixing of the η and η ′ as usual 11) .
In the large N c limit θ ≃ −22 0 . Combining the resonance exchange with the contribution of loops at O(p 4 ), the O(p 6 ) unitarity corrections 22) , we calculate BR(K L → π 0 γγ) = 9.38 × 10 −7 .
Without resonances this braching ratio was found to be BR(K L → π 0 γγ) = 8.38 × 10 −7 . The invariant mass spectrum of the two photons is rather well reproduced in our approach 11) .
] defined in ref. 1−4) . The weak deformation model 4) givesĉ = 0, while the factorization model (set C) leads toĉ = −1.14. The resonance exchange at O(p 6 ) order gives the very small contribution to the amplitude
The branching ratio is found to be BR(
The K → πνν decay amplitude is dominated by the short distance loop diagrams, due to the explicit dependence of the heavy quark mass. The K + → π + νν decay amplitude can be written
where f + is the form factor inK 0 → π + eν decay and k and p are K and π meson's momenta respectively. The decay amplitude
. The loop contributions were found to be roughly of order 10 −7 smaller than that of short distance contributions 24) . We determine the long distance con tribution ξ LD using the O(p 4 ) chiral Lagrangian and assuming the factorization approach for the weak interactions when the factorization approach is applied. The long distance contributions in K → πνν are much smaller than the leading short distance contributions.
